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Disclaimer
The contents of this report were based on the best available information at the time of
publication.  It is based in part on various assumptions and predictions.  Conditions may
change over time and conclusions should be interpreted in the light of the latest information
available.
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1. Summary
Comparisons are made about soil conservation research in N.S.W. and W.A. While
the number of professionals engaged in research is similar in the two States, the
emphasis is very different, reflecting different priorities. Research on water erosion is
pre—eminent in N.S.W. but receives little effort in W.A. Despite the differences,
several approaches used in N.S.W. could be adopted in W.A.
Catchment studies are seen as having particular problems due to their long term
nature and problems of hydrologic variability. The variability makes interpreting the
results difficult and extension of results a major problem. Despite these problems, the
effort is justified for collecting basic hydrologic data to aid the design of conservation
structures, to quantify actual rates of soil loss and to provide information for future
computer models. High priority should be given to developing design criteria for
conservation structures in W.A. given the expected loss of experienced personnel
from the Soil Conservation Service Branch in the near future.
The universality of the rainfall energy — intensity relationship is fortuitous for erosion
modellers. The calculation of the seasonal distribution of rainfall erosivity for different
parts of W.A. would have extension value in assessing the need for vegetative cover
(e.g. stubble) at different times of the year and would aid interpreting the effect of
different rotations on soil loss from horticultural areas.
Runoff and soil loss plots are not used in W.A. and are unlikely to be introduced in
the near future, given the major problems of extending the results to larger scales
and to different soils and also the perception that water erosion is not a major
problem in W.A. in comparison with wind erosion, salinisation and possibly also,
waterlogging. Some information on soil erodibilities will be gained from soil loss
measurements from row crops in W.A.
The use of rainfall simulation techniques to provide better measurements of soil
hydraulic properties and to assess relative erodibilities has potential in W.A. research
and close contact should be maintained with N.S.W. and CSIRO workers in this area.
Conservation tillage practice on farms in W.A. is in advance of that in N.S.W. but the
effects on soil erosion still have to be properly evaluated. As water erosion is
probably not a major reason for the adoption of conservation tillage practices in W.A.,
a major project in this area is unlikely to attract much funding unless other benefits
can be identified. If work is to be carried out in this area, contour bay catchments
seem the most appropriate technique. Stubble retention is seen as an important area
of study for both wind and water erosion workers.
Different techniques have been used in N.S.W. and W.A. to study the effect of soil
loss on productivity. The ability of the W.A. technique to remove realistically small
depths of soil is considered advantageous when studying sheet erosion. Cooperative
work between wind and water erosion workers is recommended in this area.
The hypothesis that water erosion is of minor importance in W.A. requires testing by
collecting data on actual, rather than relative, soil loss. Given the poor relationship
between water stage and sediment concentration, the use of pumped sediment
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samplers is considered essential for collecting realistic data. The collecting of actual
soil loss data will help soil loss —productivity information to be used for extension.
Once the results of the Cs—l37 study at Narrogin have been analysed, this technique
should be evaluated to see if further work should be done to help determine the
extent of water erosion in W.A. since 1954.
Work on water erosion in W.A. generally lags behind work in N.S.W. This primarily
reflects the different emphasis placed on water erosion research in the two States.
Another factor is the almost complete absence of work on soil conservation (apart
from salinity) by CSIRO and Tertiary Institutions in W.A.
2. Introduction
A two week study tour was made of four research centres run by the N.S.W. Soil
Conservation Service (SCS) in late 1983. Half of one day was spent at the SCS head
office in Sydney. The tour itinerary is shown as an appendix.
The aims of the tour were:
1.To examine soil conservation research priorities and techniques in N.S.W.
2.To evaluate the applicability of the research to West Australian needs and
conditions.
Given that only four of the six research centres run by the N.S.W. SCS were visited
and that the tour was only two weeks long, the review that follows can not be
considered exhaustive. Special emphasis is given to areas of greatest applicability to
W.A. research on water erosion, to equipment and techniques and to problems
encountered during research programmes.
3. Research Administration
The N.S.W. SCS employs over 800 people, including over 200 professional soil
conservationists located at 67 centres throughout N.S.W. (Figure 1). More than 140
of these conservationists are involved in extension, 25 are involved in research and a
further 16 in land resource appraisal (SCSC 1983). By comparison there are about
120 people employed on land degradation problems in W.A., including about 46
professionals. About 14 professionals in W.A. are involved in extension, 20 in
research and 6 in land resource appraisal. (SCSC 1983 and D.J. Carder, pers.
comm.)
Comparisons between the two States cannot be easily made as in W.A., the SCS
branch is part of the Department of Agriculture whereas the N.S.W. SCs is a
separate organisation. Thus some of the administrative and logistical services
provided by the W.A. Department of Agriculture are not included in the estimates
given above. However the greater extension effort in N.S.W. is clear. This greater
effort is partially due to the N.S.W. SCS using its own earthmoving equipment to
construct soil conservation structures.
While the number of professionals involved in research is comparable between the
two States, the type and scope of the research is different. Most research in N.S.W.
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is concerned with water erosion whereas in W.A., this area of research usually
receives less emphasis than research on salinity, wind erosion, waterlogging, soil
structural degradation and water conservation. The commitment to land resource
appraisal is also much higher in N.S.W.
The N.S.W. SCS has recently amalgamated its 13 administrative areas into seven
regions. The regional boundaries and the location of the six research centres are
shown in Figure 1. All except the Scone Research Centre are located in wheat
growing areas west of the Great Dividing Ranges. Scone is located in grazing and
mining areas in the Hunter Valley.
Each centre has four research scientists working in three research fields —hydrology,
soil science and agronomy. One of the scientists is also the Officer—in—Charge of
the centre. In the past, each research centre has concentrated on a particular
research area. These have been conservation tillage (Inverell and Gunnedah),
erosion of grazing lands and mine site rehabilitation (Scone), gully erosion
(Wellington), soil erodibility (Cowra) and land management and hydrology (Wagga).
In the future (late 1984), research is to be expanded at two of the centres (Gunnedah
in the north and Cowra in the south of the State) and effectively ceased at the other
four.
4. Review Of Research Areas
4.1 Catchment studies
Hydrologic studies on natural catchments are carried out in particular by the Scone
and Wagga Research Centres. These studies are either paired or single catchment
studies and are briefly reviewed below.
4.1.1 Paired Catchment Studies
Twin catchments experiment — Scone. Two adjacent 17 ha. catchments which receive
differing grazing pressures have been monitored at the centre since 1955 (due to
terminate in 1985). A 12 year calibration period (monitoring without treatment) was
carried out prior to imposing the differing grazing treatments. Rainfall, runoff and soil
loss are measured using the equipment detailed in Table 1.
The experiment has shown that higher grazing pressures result in increased peak
flows during most years and increased flow volumes, at least during dry years. No
data are yet available on soil loss from the catchments.
A problem that occurs in all paired catchment studies, that of inherent hydrologic
differences between the catchments, is significant in this study. An apparently higher
water table in the less—grazed catchment results in more runoff from this catchment
during wet years, despite a greater plant cover. Problems have also been
encountered due to unpalatable species becoming predominant in the more heavily
grazed catchment, which in one case resulted in the death of some sheep and the
need to change the grazing strategy. The presence of unpalatable plants makes the
correlation of runoff and soil loss with percentage plant cover and grazing pressures
difficult. It was noted that such problems often arise in management trials.
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A feature of this and other natural catchment studies is their long duration (eg 30
years). It was estimated that instrumenting a catchment to monitor rainfall, runoff and
soil loss costs about $10,000 at current prices. To this must be added operating costs
including visits to change the charts and sample bottles, to assess catchment
conditions such as the percentage of plant cover and also to check the power supply
for the sediment sampler. The long duration of the studies allows capital costs to be
written off over a long period. However long duration studies do not produce quick
answers for extension and, as is shown later, can be left behind by changes in
management.
Isis hydrologic trial. This is a study located off the Scone Research Centre with the
aim of measuring the effect of soil conservation treatments (principally broad—based
banks) on a 50 ha. catchment area. As the catchments are relatively isolated, solar
panels are used to charge the batteries which power the sediment samplers.
Calibration of the two catchments has proceeded for seven years, during which time
it has become apparent that the catchments have markedly different hydrologic
responses. They also appear to have experienced an unstable phase since 1980,
following a long (ca 20 years) period of stability (Lang 1983, 1984). The initiation of
the instability has been attributed to a decrease in vegetative cover as a result of
drought.
One of the Isis catchments has shallower soils and has the strike of the underlying
sediments paralleling the main drainage line. Instability on this catchment has
necessitated sediment traps being placed up—stream from the weir.
The response of the catchments highlights two problems in catchment research
(Lang 1983).
1.Study periods need to be long enough to include occasional extreme events, and
2.Erroneous conclusions may result if a catchment treatment coincides with a natural
periodic change in catchment stability.
In view of the inequality in response of the two catchments, the aims of the study may
need to be revised to place more emphasis on studying catchment processes.
Comparative catchment experiment — Wagga. This long term study (1951 —continuing)
examines the effect of conservation treatments on runoff and soil loss and has been
reported on by Adamson (1974, 1976). The conservation treatments on one of the 7
ha. catchments comprises gully filling, contour furrows (lm vertical intervals),
improved pastures and an annual top dressing with 125 kg/ha of superphosphate.
The control catchment is moderately sheet eroded, contains an active erosion gully,
has no fertiliser applied to it and is stocked so as to maintain the pasture as short as
possible.
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Cumulative runoff from the treated catchment has been only about 27% that of the
untreated catchment while soil loss has been only about 1%. Much of the reduction in
runoff may be attributable to the contour furrows which restrict overland flow and
increase depression storage to an estimated 40mm. The effect of the pasture furrows
on the hydrograph characteristics is to delay the commencement of flow, increase the
time to rise, reduce the peak discharge and prolong flow duration (ie. attenuates and
translocates the hydrograph peak). The effect of the treatments are greatest during
years with below average to average rainfall. In wet years, the effect of the
treatments on runoff is not as pronounced but soil losses from the treated catchments
do not increase proportionately. The treatments were found to reduce the runoff
coefficient (C) for all return periods, the reduction being greatest for short return
periods.
While this study has produced interesting hydrologic data and comparisons, the
adoption of pasture furrows has largely ceased due to expenses of surveying and
construction and the inability to crop areas containing them. This investigation
highlights the problems of management practices changing during long term
hydrologic studies, making the results of a study of limited usefulness.
4.1.2 Single catchment studies
A number of single catchment studies are being carried out by the Scone and Wagga
Research Centres. These include the Southern Catchment Study (Scone) where
runoff from a 173 ha. catchment has been monitored since 1960 using two Cipoletti
and three 120° V notch weirs, eight manually gauged dams and a number of crest
gauges. The construction of broad—based banks and dams on the catchment has
limited runoff from the catchment to very wet periods. Unfortunately monitoring in the
catchment post—dated the installation of the conservation works.
A 469 ha. catchment at Red Creek, south of Wagga, has been monitored since 1973
for rainfall, runoff and sediment load. In 1976, detention storage structures were
constructed in the major gullies (Ryan 1981a, 1982). After 1976 the volume of flow,
peak flow and time to peak flow were all reduced. The sediment load for equivalent
flows also seems to have been reduced.
Monitoring a single catchment such as at Red Creek, before and after treatments,
avoids the problems of variability of paired catchments. However for a valid
assessment of the effect of any treatments, climatic and catchment conditions must
be similar, before events can be compared. Such a requirement is possible if a
number of runoff events occur each year (as is the case at Red Creek) but is a major
limitation if runoff events are rare and/or seasons are very variable.
A 26 ha. catchment at Colinroobie has been instrumented to measure runoff and soil
loss to provide basic hydrologic information for areas with average annual rainfalls
less than 450 mm. The use of a flume with a 14 per cent sloping drop box (shute) is
used to help retain sediment in suspension, thereby improving the
representativeness of samples (Ryan 198lb). Wing banks have been constructed
away from the flume and perpendicular to topographic contours. Such banks help
define the catchment and prevent water that has temporarily ponded in front of the
flume from flowing around it, while not diverting water from outside the catchment
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towards the flume. In performance, the Colinroobie catchment appears to be similar
to many of those being monitored in W.A. (Northam receives about 450 mm p.a.), in
that long periods may pass without runoff occurring. Only about 1 and 3mm runoff
occurred during 1980/81 and 1981/82 respectively.
A nested catchment study commenced on an arable catchment at the Wagga
Research Centre in 1980/81. Six runoff and soil loss plots (0.01 ha) are located within
a gauged 8.2 ha. catchment. Three of the runoff plots contain continuous bare fallow
while the other three plots have the same cultural treatment as the rest of the arable
catchment. Runoff rates from one plot from each treatment are monitored using a
transducer connected to a multi—channel event recorder. It is hoped that a
relationship can be determined between the runoff plots and the catchment. During
1981/82 the bare runoff plots averaged 51mm runoff and lost 1725 kg/ha of soil while
the cropped runoff plots averaged 2.2mm runoff and lost 65 kg/ha of soil. There was
no runoff on the catchment during the year. These early results highlight the
problems of extrapolation between the plot and catchment scale.
4.1.3 General comments
Catchment studies carried out by the N.S.W. SCS involve the measurement of
rainfall, runoff and soil loss by a variety of equipment (Table 1) chosen to meet the
particular needs of the site. Ryan (198lb) has recommended that sloping crest Crump
weirs or H flumes with a 14 per cent sloping drop box be used to measure runoff in
areas with high sediment concentrations. The use of Gamet pumped sediment
samplers is almost universal and experience has allowed useful modifications to be
incorporated into the design of the equipment. Despite the use of high
quality equipment and considerable experience in its use, the recovery rate for
hydrologic data is often only about 60 per cent. To gain an almost complete record,
very frequent checks are required of equipment, something which may not be
logistically feasible.
Soil and topographic maps are commonly produced of the catchments and the
percentage of vegetative cover assessed at each (monthly) visit. No measurements
are currently being made of soil water, groundwater levels (if present) or potential
evaporation rates. There is an implicit assumption that runoff is mainly Hortonian in
nature (ie rainfall excess) and runoff due to saturation excess is less important.
Information from the N.S.W. SCS catchment studies is being used to improve the
design of conservation structures. The design method used is based on the rational
equation (Logan 1967) with the runoff coefficient (C) being estimated from Turner
(1966). The collection of basic hydrologic data will improve estimates of C in
particular (eg Adamson 1976). The most recent update of design procedures has
been made by Adamson and Hedberg (1978).
Given the deficiencies of the rational equation method, it is possible that the N.S.W.
SCS will try to modify the USDA method, whereby curve numbers are used to
represent watershed characteristics that influence runoff (Kent 1968). The
Queensland DPI have already carried out such a modification (Eastgate et al. 1979)
but apparently the method is not yet routinely used for design purposes. The curve
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number method forms the basis of the CREAMS runoff and erosion model (Knisel
1980).
Table 1. Equipment used in catchment studies
Catchment
Weir/flume Water level recorder Sediment sampler
Twin catchments - Scone H flumes Ott R20 Gamet
Isis hydrologic trial Cipoletti weirs Ott XX Gamet
Comparative catchment H flumes AUS 1 Coshocton/Pomerene
experiment - Wagga Wheel splitters
Southern catchment Cipoletti weirs Munro and None
study - Scone 120° V notch Esdaile
weirs
Red Creek 130° V notch Ott XX Gamet
weir
Colinroobie H flume
14% sloping
drop box
Ott XX Gamet
Arable land study H flumes 
(0.155 and 1.0m)
Mace event
recorder
Gamet
Wagga 14% sloping
drop box on
1.0 m H flume
4.2 Rainfall Studies
4.2.1 Energy- intensity relationship
Rain drop size has been measured over a six year period using a distrometer sited at
the Gunnedah Research Centre (Rosewell 1983). The energy of the rainfall has been
estimated from drop size distribution and wind velocity measurements and correlated
with rainfall intensity to obtain the following relationship:
KE = 29.0 (1 — 0.596 e — 0.0404 I)
where KE = Kinetic energy (J/m2/mm)
I = rainfall intensity (mm/h)
For rainfall intensities greater than 40 mm/h the energy—intensity relationship for
Gunnedah was found to be very similar to that used in developing the rainfall factor
for the Universal Soil Loss Equation (USLE). The study concluded that there is far
less geographic variation in the energy—intensity relationship than has been
previously reported. The median volume drop diameter was found to increase with
rainfall intensity to about 80 mm/h and then remain substantially constant at higher
intensities. Other studies had shown a decrease in drop diameter at very high
intensities.
The apparent universality of the energy—intensity relationship for rainfall is fortuitous
for erosion modellers, as rainfall intensities are easily measured whereas
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measurements of rainfall energy (or drop size distribution) require expensive and
sophisticated equipment.
4.2.2 Computer analysis of pluviograph and hydrograph charts
The N.S.W. SCS has adapted two computer programs developed at the North
Appalachian Experimental Watershed, Coshocton, Ohio, U.S.A. for analysing
pluviograph and hydrograph charts (Legge l982a, b; Legge and Ryan, 1983). The
programs use a breakpoint method to convert continuous records into a series of
paired observations for computational purposes. Output from the programs include
summaries of rainfall intensities and erosion indices (by both the Hudson and
Wischmeier methods). They also summerise daily—, monthly— and annual— runoff
amounts and peak discharges. The availability of temporary workers, employed using
wage pause money, is enabling a backlog of rainfall and runoff data to be processed
using the programs. As the programs run on a microcomputer with a 64K memory, it
would be possible to use them on the district office microcomputers in W.A.
4.2.3 Seasonal erosivity indices
The seasonal distribution of erosive rain has been determined for most, if not all,
research centres run by the N.S.W. SCS. At both Cowra and Wagga, rainfall is
distributed approximately uniformly throughout the year but the most erosive rains fall
in summer (eg Adamson 1978). The April and May period in particular is critical as
there are large areas of cultivated soil and the possibility of erosive storms.
4.3 Runoff and soil loss plots
4.3.1 Effect of ground cover on runoff and soil loss
Nine, 74rn2 plots are being used at the Scone Research Centre to study the effect of
ground cover on runoff and soil loss. The treatments range from zero to complete
cover, with 20% intervals in between. A random distribution of bare areas is
maintained on a grid layout, with bare areas being maintained by mowing, spot
burning and herbicides.
Results to data indicate that very little runoff and soil loss occurs until ground covers
decline below about 75%. These results confirm other work by Lang (1979) and Lang
and McCaffrey (1984) at the Gunnedah Research Centre where ground covers on
plots had been maintained by using different grazing pressures. Once ground cover
decreases below about 75%, discrete bare areas begin to interconnect and runoff
rates rise dramatically. At high levels of ground cover, most runoff is produced by a
few, heavy storms. Thus, 50% of runoff was produced in one storm for areas with
complete cover, whereas the largest six storms contributed 50% of the runoff at 40%
ground cover.
Three other soil loss and runoff plots are being maintained on a steep (30%) hillslope
at the Scone Research Centre. These plots are assessing the effects of two grazing —
(medium and heavy) and one burning — (burnt plus medium grazing) treatment on
runoff, soil loss and pasture composition. Whereas runoff has been highest on the
heavily grazed plot, soil losses have been highest from the burnt plot.
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The effects of different types (eg. vegetation, scree) and amounts of ground cover on
runoff and soil loss are to be further studied at Scone using a rainfall simulator
(presently under construction). Both surface and sub—surface flows are to be
measured.
4.3.2 Continuous bare fallow plots
Three continuous bare fallow plots are being maintained at each of the Gunnedah,
Cowra and Wagga Research Centres to help determine soil erodibilities and study
the dynamics of erosion. The Wagga plots were discussed in Section 4.1.2. At
Gunnedah, runoff from the plots is measured by 150mm H flumes and transducers.
Transducer calibration problems have resulted from changes in the density of the
runoff waters due to variations in the sediment load. Soil losses are measured by
modified Gamet samplers which take samples from intakes designed to maintain the
sediment in suspension (McTainsh and Rosewell 1983). Some problems have been
experienced with blocking of the intake (Marschke and Rosewell 1984). The energy
of the rainfall is being measured by distrometer at Gunnedah, and indirectly by
measuring intensity at Cowra and Wagga. At all centres, a high proportion of runoff
and soil loss occurred during only one or two storms. This exemplified the acute (or
episodic) rather than chronic nature of soil erosion in N.S.W. as was indicated by
Edwards (1980). There was no significant correlation between soil loss and rainfall
erosivity for the first 17 storms recorded at Cowra.
An evaluation of soil erodibilities is required if a predictive model of soil loss is to be
developed. Edwards and Charman (1980) and Rosewell (1982) have indicated the
problems in adapting the USLE to Australian conditions, particularly the inability of
the equation, in its unmodified form, to predict losses from individual storms. The
acute nature of soil erosion in N.S.W. means any predictive model requires a rainfall
and runoff erosivity factor capable of handling single events (eg the MUSLE—
Williams 1975, CREAMS — Knisel (1980) models). Rosewell (1982) identified an
urgent need for real—time runoff and soil loss measurements from standard bare
fallow plots and from agricultural catchments to provide information for predictive
models.
The N.S.W. SCS has been evaluating an erodibility index (El) of the form:
El = Soil detachability =    TSD
Water transmissibility  √ IKC
where T = texture, S = structure, D = aggregate stability, I = infiltability, K =
permeability and C = water holding capacity.
The index is currently undergoing experimental verification (Charman 1978). An
assessment of soil erodibility indices by Elliot et al. (1984) showed that both the
above El and the erodibility estimate of Wischmeier and Mannering (1969) only
explained one per cent of the variation in Cs—l37 levels in plots at Maluna Creek.
The best erodibility index was an unpublished method by Collis—George and
Figueroa.
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4.4 Infiltration of constant intensity rainfall
Cooperative work between the SCS (Cowra) and the CSIRO Division of
Environmental Mechanics (Canberra) on pre— and post— ponding infiltration of
constant intensity rainfall has made it possible to accurately predict storm runoff from
stable, uncultivated soils, given information on rainfall intensity and duration,
sorptivity, hydraulic conductivity and initial and saturated soil water contents. (Cowra,
Annual Report 1981/82.)
The prediction of time to ponding of constant intensity rainfall was outlined by
Hamilton et al. (1983a). Measurements made in the field include sorptivity (with
measurements of wetting front advance) and saturated hydraulic conductivity (both
done at slight suctions) and initial and saturated soil water contents. Generally three
replications are carried out of each measurement. To check the predicted values,
runs are made using a rainfall simulator, with ponding conditions being monitored
with a cylindrical ceramic tensiometer attached to a pressure transducer. A team of
two people can measure three different sites each day.
Problems with application of the technique include field variability in both space and
time. The technique is also limited at present to stable (ie. non—swelling,
uncultivated) soils and Hortonian flow mechanisms. Using simplified theory, it is
possible to carry out field measurements of D (9) and ‘1’ (0) (and therefore K (9))
using a rainfall simulator (White et al. 1983). Such field measurements should avoid
problems that arise when using disturbed samples and ponded conditions and
reduce the need for tedious laboratory measurements. At present the simplified
theory has only been checked against simulated rainfall and not against natural,
non—constant intensity rainfall.
4.5 Conservation tillage research
Conservation tillage is probably the most important research topic at the Gunnedah,
Inverall, Cowra and Wagga Research Centres. The N.S.W. SCS distinguish between
four reduced tillage systems: reduced cultivation, direct drilling (sowing into plant
residues which have been reduced by grazing or burning), minimum tillage (sowing
into stubble) and no—tillage (sowing into stubble and with no summer fallowing).
For northern N.S.W. (ie. north of about Wellington), a No—Tillage Project Team was
formed in 1978 which includes researchers from the N.S.W. SCS, the N.S.W.
Department of Agriculture and the Queensland Department of Primary Industry. The
most recent report from the team is Martin and Felton (1983) while stubble
management in northern N.S.W. has been discussed by Harte and Armstrong (1983)
amongst others. In southern N.S.W., most emphasis has been placed upon reduced
tillage and direct drilling, and the soil conservation aspects have been recently
examined by Aveyard et al. (1983) and Hamilton and Packer (1983). A complete
volume of the Journal of Soil Conservation, N.S.W. (Vol 34 (4), 1978) was devoted to
conservation tillage practices.
The literature on conservation tillage is extensive and the brief review below
concentrates on runoff and soil loss effects (particularly the use of rainfall simulators).
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4.5.1 Northern N.S.W.
Runoff from four tillage treatments (stubble burnt, stubble incorporated, stubble
mulched and no tillage) are measured on the Gunnedah Research Centre using H
flumes and F type Stevens water level recorders located at the outlets of eight
broad—based banks. The banks define eight 1 ha. contour bays, allowing .two
replications of the treatments to be studied. Soil losses are measured by a single
Garnet sediment sampler within one bay with soil losses from the other bays being
taken manually and through measurements of sediment deposits in the bank
channels.
The trial has been running for four years. Soil loss and runoff have been much higher
from the burnt plots although this has not been accompanied by decreases in grain
yield or protein. During 1981/82, total soil loss from the burnt and stubble
incorporated treatments was comparable. Soil losses from the mulched and no—
tillage plots were only 25 and 7% respectively of the other two treatments.
The trials have been affected by recent dry years. Other problems result from soil
variability down the slope (the top bays have lower clay — and soil water—contents)
and from sedimentation within the bank channels. The latter requires a volumetric
estimation to be made at the end of each large runoff event. Up to 90% of soil losses
have been deposited in the channels, probably due to low bank gradients (ie 0.2%).
There have been no significant variations in soil organic carbon and soil structural
stability during the first three years of the trial.
Other trials run from the Gunnedah Research Centre include cooperative work with
the Department of Agriculture at four sites. These studies are examining soil
properties and stubble residues rather than runoff and soil loss. A study of the effect
of strip cropping on runoff and soil loss is envisaged in the near future.
The results of rainfall simulator studies of stubble mulch trials has been outlined by
Harte and Armstrong (1983). The burning of stubble and subsequent scarification of
the soil produced the largest amounts of runoff and soil loss. Runoff and soil loss
increased when stubble was incorporated rather than left relatively undisturbed.
4.5.2 Southern N.S.W.
At Wagga Research Centre, a reduced tillage/direct drilling trial was commenced in
1977. The reduced tillage plots have produced the highest grain yields since the trial
commenced, and in 1981 the direct drilled plots out—yielded the conventional plots
for the first time. Relative amounts of runoff and soil loss from the plots are assessed
using a rainfall simulator (45mm/h for 40 mins). Runoff and soil loss from the direct
drilled treatment were found to be significantly lower than other treatments. Soil loss
was highest from the conventional plots, despite the greatest amount of runoff
occurring from the reduced cultivation plots.
Similar reduced and minimum tillage trials are being carried out at Cowra and
Grenfell but with more emphasis being placed on the type and amount of stubble that
is required to reduce runoff and soil loss. It has been found that for direct drill
treatments, about 2.9 t/ha of standing stubble was about as effective as 5.0 t/ha of
SOIL CONSERVATION RESEARCH IN NSW AND ITS SIGNIFICANCE TO RESEARCH ON WATER EROSION IN WA
13
prostrate stubble in reducing runoff. In comparison with conventional tilled plots,
reduced till plots contained about 50 per cent more prostrate stubble which helped
reduce runoff by about 100 per cent. From the rainfall simulation results, a
relationship between runoff/soil loss and the amount of prostrate stubble for
conventional and reduced till treatments is beginning to emerge. It is becoming
evident (Cowra Annual Research Report 1982/83) that large amounts of stubble are
required before any substantial reductions in runoff and soil loss occur, which poses
problems when sowing.
Rainfall simulation experiments are also being carried out on bare soils at Cowra and
Grenfell. When ungrazed, the direct drill treatments produced the lowest amounts of
runoff and soil loss. Grazing livestock on the direct drilled plots resulted in a surface
seal being produced on the soil and a consequent increase in runoff. Soil loss from
the direct drilled plots remained the lowest despite the increased runoff. The better
performance of the direct drilled plots is reflected in improved soil physical properties
such as increases in organic matter and water stable aggregates.
Information is also being gathered on the amount, rate and particle size distribution of
the sediment that is being generated during the simulations of the different
treatments. When the runoff rate increases rapidly, the rate of soil loss rapidly peaks
and later declines as the runoff rate becomes constant. However when runoff rates
increase more slowly, the rate of soil loss also increases at a slow rate. The early
loss of soil during simulation has been attributed to ease of transport before a surface
seal forms and also to the availability of sand—sized materials. Coarser grain sizes
were found to be the first to move, whereas clay and organic matter would be
expected to be preferentially removed. This apparent anomaly was attributed to the
very coarse texture of the topsoils in the Cowra area.
The work at Cowra is allowing relative erodibilities of different soils receiving different
tillage treatments to be estimated. The erodibilities are beginning to show
relationships with soil physical properties such as organic matter, bulk density and
water stable aggregation. The erodibility estimates may allow the effect of different
tillage treatments to be incorporated into the erodibility factor of the USLE equation.
4.6 Soil loss — productivity relationship
Three experiments have been carried out on the effect of soil loss on productivity by
the N.S.W. SCS. Each experiment is briefly described below.
4.6.1 The effect of sheet erosion on wheat yield and quality.
The effect of removing 75 and 150mm of topsoil on wheat yields was investigated
over a 14 year period on five research centres run by the
N.S.W. SCS (Hamilton 1970). The percentage yield depression from removing 75mm
of top soil ranged from 6 to 10 per cent for deep uniform soil profiles in northern
N.S.W. to 30 to 45 per cent for gradational and duplex soils in southern N.S.W. The
percentage yield depression from removing 150 mm of top soil ranged from 20 per
cent in the north to over 50 per cent in the south of N.S.W. Corresponding declines in
protein percentage tended to be higher in northern N.S.W. (10 to 25 per cent) than in
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southern N.S.W. (5 per cent) and the decline did not increase markedly with
increased soil removal.
Soil was removed from the plots using a scoop on a tractor. Aveyard (1983) noted
that the simulated erosion event was not representative of the average field situation,
either temporally or spatially, something that is overcome by trials on runoff and soil
loss plots.
4.6.2 Runoff and soil loss plot trial (continuing)
Runoff and soil loss plots were maintained for 30 years on five research centres run
by the N.S.W. SCS. As these plots had a documented history of cropping, runoff and
soil loss it was decided to establish the same crop on plots with differing erosion
histories. In the analyses, total soil loss over the previous 30 years were considered
(rather than weighting losses for when they occurred) and relative crop yields for
each year were calculated.
Total soil loss was highest in northern N.S.W. (ca 85 t/ha or 6 mm assuming a bulk
density of 1.4 g/cm3) and lowest in central and southern N.S.W. (13 to 35 t/ha or 1 to
2.5 mm) over the 30 year period. The relationship between total soil loss and relative
crop yield was only significant at Gunnedah and Wagga. At Gunnedah the slope of
the relationship is only significantly different from zero (P < 0.05) if a one tailed t—test
of significance is applied and is not significant for a two—tailed test. Using average
total soil loss data, the average yield decline for Gunnedah and Wagga was 17 and
28% respectively. At Cowra, total soil loss was correlated with declines in soil organic
carbon and total soil nitrogen whereas at Wagga, soil loss was correlated with
decreases in soil organic carbon and available phosphorus. At both Cowra and
Wagga, the decline in mean relative yields were correlated with a decline in soil
organic carbon.
4.6.3 Depth of topsoil removal trial (continuing)
This trial has been carried out at five research centres since 1980 and involves the
removal of strips of soil up and down slope to simulate nil erosion. The spacing of the
strips was adjusted to enable four soil removal treatments at each centre (0 to 10mm
at Wagga and Cowra, 0 to 15mm at Wellington and 0 to 30mm at Gunnedah and
Inverell). Various yield and soil parameters are analysed as detailed in Aveyard
(1983).
There has been an overall trend to have lower yields from the highest soil removal
treatments at all research centres, with an average decline of about 10 per cent
occurring. As the trials are not replicated, it is not possible to test the declines
statistically. There have been some problems with soil degradation as a result of
continuous cropping and a resulting decline in organic carbon contents and crop
yields.
4.6.4 General comments
In reviewing the soil loss—productivity relationship, Aveyard (1983) noted that soil
loss alone does not account for a large enough proportion of the variation in yield. It
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was also concluded that major losses in productivity occur following significant soil
losses, even though the losses may be visually undetectable. There are major
differences in response between different soils and climates and large seasonal
variations. Also previous standards (not given) for tolerable rates of soil loss were
considered by Aveyard to be far too optimistic. The soil loss — productivity relationship
is complex and the relationship variable in both space and time.
Future activities recommended by Aveyard (1983) included trials where soil is
removed on a regular basis rather than at one pass. An assessment of the ability of
soils to recover from soil loss through the addition of soil ammendments was also
recommended. Continued measurement of actual soil loss was advocated, as was
further study on the properties and productivity of the different soil horizons. The
latter study may help explain yield increases which can occur following erosion of
soils with less fertile topsoils (or the removal of weed seeds).
4.7 Other studies
4.7.1 Grass agronomy (agrostology)
A significant amount of research is carried out evaluating different grass species for
different parts of N.S.W. For example, Eragrostis curvula (African lovegrass) is being
studied at Wagga to evaluate its suitability as a pasture for drier parts of the southern
wheatbelt. Several waterway grasses are being tested at Cowra and grasses for
mine rehabilitation are being tested at Scone. Use has been made of wage pause
personnel to enter a lot of research data onto computer so that pasture records can
be better accessed and evaluated.
This aspect of soil conservation was not investigated during the study tour.
4.7.2 Salinity
Some work on dryland salinity has been carried out by the N.S.W. SCS although the
problem affects much less than one per cent of the State (Hamilton and Lang 1978).
Salinity on the Tablelands and Slopes is
considered to be caused by shallow water tables and is exacerbated during wet
years. Saline scalds occur on the Western Plains following wind removal of less
saline topsoils. The origin of the salts is considered by Hamilton and Lang (1978) to
be from the weathering of minerals and from connate waters released from marine
sediments. No contribution is apparently considered from cyclic salts. Prevention and
reclamation procedures for saline areas in N.S.W. are very similar to those adopted
in W.A. (ie. establishing trees on recharge areas, the control of surface run-on,
fencing to control grazing, planting to salt tolerant grasses such as puccinellia) with
deep drainage not being considered an economically viable option.
4.7.3 Erosion surveys
Several erosion surveys have been carried out by the N.S.W. SCS (e.g. Kaleski
1963, Junor et al. 1979). These surveys usually rely on a subjective assessment of
erosion, much as is done in W.A. rangeland areas. Some surveys also include
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quantitative estimates based on the exposure of tree roots, soil pedestals etc. and
the level of Cs—l37 in the topsoil. This latter method involves the determination of the
amount and distribution of Cs—l37 in “undisturbed” soils (e.g. forest areas on hilltops)
for comparison with disturbed soils. The method also allows the distinction of sites
eroded before Cs—l37 was released into the southern hemisphere in 1954—55 but
which subsequently have stabilised from those which have been eroded since
1954—55. Elliot et al. (1984) have determined a relationship between annual soil
loss and rate of depletion of Cs—137 in soils at Maluna Creek.
5. Significance to Research on Water Erosion in W.A.
5.1 Catchment studies
An average of 14 years of rainfall and runoff data have been collected from 14
catchments in W.A. (Bligh 1983a). Measurements of soil loss and salinity have been
made since 1983 using rising stage sediment samplers.
The catchment monitoring programme in W.A. is seen to have the following
advantages over the N.S.W. programme.
i. A good distribution throughout the agricultural area.
ii. Indirect estimates are made of soil water content using a combination
atmometer (Bligh 1980).
Advantages seen for the N.S.W. catchment programme are:
i. Pumped sediment samplers are used instead of rising stage samplers. An
analysis of seven storm events at Collie, W.A. showed a complex relationship exists
between suspended sediment loads and stream discharge (Abawi and Stokes 1982)
raising doubts about the accuracy of rising stage samplers. Rieger and Olive (1984)
amongst others have highlighted the extreme variability in space and time of the
suspended sediment—stage rating curve. Pumped sediment samples provide a
record of sediment concentration throughout a runoff event and therefore do not
require a constant relationship between stage and sediment concentration.
ii. Regular monthly monitoring of vegetative cover is carried out on the
catchments for correlation with runoff and soil loss data.
iii. A greater flexibility is evident in determining the appropriate weir or flume for
measuring runoff and soil loss. As weirs are used in all W.A. catchments, low flow
measurements are accurately measured but flumes have some advantages when
measuring soil loss.
iv. Paired catchments are more often used. Despite problems of inherent
variabilities, paired catchments (if available) enable major responses to treatments to
be determined in a relatively short time. The time required to collect data for different
surface — and climatic —conditions on single catchments is long (eg. > 14 years in
W.A.) in low rainfall areas (eg Colinroobie (N.S.W.), all W.A. catchments with the
exception of Manjimup). This length of time can result in long—term changes
occurring (eg. soil degradation) which are not related to the treatment. Single
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catchment studies appear most applicable in high rainfall/runoff areas (eg. Red
Creek, N.S.W.).
v. More detailed analytical treatment of the results (eg. calculation of runoff
coefficients for different return periods (Adamson 1976), the calculation of erosivities
using the Coshocton program) allowing the results to be better incorporated into
design criteria.
The ultimate aim of the catchment monitoring programme in N.S.W. is to improve the
design of soil conservation structures and treatments. In W.A., the programme was
set up to provide information on the effects of land treatment on runoff, with the
programme being funded and run by the Public Works Department. Some analyses
of rainfall and runoff have been made by the Main
Roads Department (Flavell 1983, Flavell et al. 1983). Suspended sediment
observations were only commenced in 1983. The programmes in both States will
therefore provide measurements of soil loss, which will be valuable once soil loss—
productivity relationships are established for different soil types.
In N.S.W., where the rational equation is the basis of bank design, data from the
catchment programme will be used to improve estimates of the runoff coefficient. In
W.A., the programme has provided maximum runoff volumes and rates for different
soil types in different parts of the State. This data is being used directly for designing
level bank capacities, waterways and bank lengths (Bligh 1983b). For example, for
estimating peak flows on a sandplain catchment at Southern Cross, data from
sandplain catchments at Carnamah and Nungarin are used. Such a method does not
allow specific catchment characteristics to be taken into account (e.g. size, slope)
and also largely ignores different rainfall intensity—duration—frequency
characteristics. Given that the number of catchments being monitored in W.A. is
limited, the estimation of runoff coefficients for storms of different return periods
(where such data are considered sufficiently accurate) may allow better estimates of
peak flow from particular catchments when designing soil conservation structures. It
is likely that the Smith and Hebbert (1983) computer model will be used as an aid to
the design of interceptor drains in W.A. It is possible that the model could also be
used to aid the design of level and grade banks.
There appears to be an implicit assumption in N.S.W. that rainfall excess (i.e.
Hortonian overland flow) is the most important runoff—producing mechanism. As a
consequence there have been no systematic measurements made of soil water and
groundwater levels during catchment studies. Anecdotal evidence was given of
banks located low on one N.S.W. hillslope being full of runoff waters during a storm
while banks higher in the slope were substantially empty. In a detailed study of runoff
processes in three catchments in New England, Field (1984) attributed almost all
runoff to saturated overland flow. The three catchments studied were a sandy, duplex
soil catchment over granite, a silty duplex soil catchment over meta-sediments and a
clayey, uniform soil catchment over basalt.
In W.A., Carder (pers. comm.) has estimated that light—textured soils occur over
about 66,000 km2 (48% of the agricultural area) with duplex soils occurring over
about 52,000 km2 (37%), medium—textured soils over about 5,600 km2 (4%) and
heavy—textured soils over about 15,600 km2 (11%). As many of the duplex soils
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have light—textured top—soils, soil infiltrabilities are likely to be high over much of
the W.A. agricultural area, except where natural — or induced — non—wetting is a
problem. As winter rainfall intensities are often not excessive (e.g. the one year storm
with a 60 minute duration at Wongan Hills delivers only 11 mm), Hortonian runoff
processes are mostly likely for summer storms on non—wetting sands and for
summer and winter storms on surface—sealing (poorly structured) heavy—textured
soils. Marsh (1974) found that runoff often failed to commence despite the application
of high intensity rain by rainfall simulator. Marsh attributed this failure to using
constant, rather than non—constant rainfall intensities. Negus (pers. comm.) has
found saturated conditions exist in sloping, shallow duplex soils immediately following
rainfall, despite the existence of drains. Such conditions probably result from the very
low water storage characteristic of the soils.
If the hypothesis can be sustained that saturation excess is an important process in
generating overland flow in W.A. agricultural areas, then the best technique for
decreasing overland flow in duplex soils would be the construction of interceptor
drains to increase the capacity of water storage between rainfall events. Such drains
also control rainfall—excess overland flow and cost slightly more than contour banks
to build. It is commonly observed that saturated areas can occur on mid— and
upper— hillslopes as well as lower slopes in W.A. Non—wetting soils appear more
common in W.A. than in N.S.W. and may be the principle reason for rainfall—excess
overland flow, during summer and autumn rains, a period when vegetative cover is
often reduced.
A further consideration in W.A. is the fate of the water captured by soil conservation
structures. Figure 2 shows diagrammatically the main water fluxes in the W.A.
agricultural situations and how these fluxes are affected by soil and water
conservation structures. Shallow structures such as contour sills return their water to
the soil surface or rooting zone of plants whereas deeper structures such as
contour— and level—banks discharge their water to areas unavailable to plant roots.
The possibility that level banks located over recharge areas for a deeper saline
aquifer may significantly increase rates of salinisation is currently being investigated
by carrying out water balances (File 531/83). These water balances are also showing
the relative importance of overland flow and seepage waters in different parts of
hillslopes, which has implications for the design of soil conservation and drainage
structures.
To try and quantify the effects of contour working on wheat yield, Grasby and Marsh
(File 2186 EX) carried out a series of trials over a five year period. No significant
effect of contour working on yield could be detected, despite one study which
specifically examined sites at which runoff had been followed by a period of moisture
stress. As these investigations were not comprehensive, it cannot be concluded that
contour working does not have any effect on yield, only that its effect may not be as
significant as would be thought from studies in other parts of the world.
One type of catchment study used at Gunnedah and also in Queensland, but not yet
attempted in W.A. is the use of contour bays. The usefulness of these studies is
highlighted by the abundant information gained on runoff and soil loss characteristics
in a relatively short time in a high rainfall area (e.g. Freebairn 1983). Such studies
require an intensive amount of monitoring and are therefore expensive in both man
power and money. However they have advantages in allowing replications and avoid
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many of the extrapolation and scale problems of single catchment and microplot
studies. The impression gained throughout the study tour was that if microplots
exclude field scale processes, great care should be taken in using the results.
Rainfall simulators are still being extensively used in both N.S.W. and Queensland to
study runoff and sheet erosion processes but one conclusion from a research worker
was that the simulators only simulate other simulators.
5.2 Rainfall studies
Rainfall erosivities have not been calculated from pluviograph data in W.A., perhaps
because of doubts about the usefulness of the USLE under W.A. conditions.
Marsh (l983a) has objected to the use of the USLE in W.A.. for the following reasons:
i. The USLE, in its present form, does not consider the economics of soil loss and
therefore will not be very useful in getting farmers to adopt a particular conservation
activity. It also does not allow alternative practices with different conservation
effectiveness and different economic validities to be properly considered.
ii. Erosion processes involve sorting of the soil and remove the more fertile clay
and organic matter fraction. The USLE only considers total soil loss.
iii. The USLE is based on runoff plot research which tends to exaggerate the
magnitude of soil loss. In general, short plots yield a greater soil loss per unit area
than do long plots. The plots were generally cultivated up and down hill and, while
there are conversion factors to account for contour working, the factors are not based
on realistic data. 
Given these problems, in addition to the need for a runoff erosivity factor to be
incorporated for occasional high intensity storms, it is unlikely that research is
warranted to adapt the USLE to the wheatbelt conditions of W.A. The relative scarcity
of runoff events in monitored catchments makes developing any predictive model
very difficult. However, the USLE has been tried on a trial basis on potato growing
areas of W.A. with only limited success (i.e. 7 per cent of variability in soil loss
explained — McFarlane 1984). Cultivation in these areas approximate the conditions
under which the USLE was developed. It is likely that a modified form of the USLE
can be developed for these areas with data from a number of seasons. Most
modification appears necessary to the soil erodibility term.
A knowledge of annual erosivities has some extension value by identifying areas
which receive more erosive rain. Knowledge of the seasonal distribution of erosive
rain has a similar value in highlighting periods when erosive rain is likely to fall. While
it is unlikely that this information would significantly alter farming practices in W.A., it
would help clarify the importance of late summer storms in the north eastern and
eastern wheatbelt and help quantify seasonal erosion hazards on horticultural land.
Analysis of the rainfall records collected during the catchment programme using the
Coshocton program would provide such a data base. This data base would then be
useful in any future modeling exercises.
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A comparison of the rainfall erosivity around Australia is provided in Figure 3 as an
example of the usefulness of this data. Figure 3 has been compiled by Clinnick (Soil
Conservation Authority, Victoria) for eastern Australia and from data from
Pierrehumbert (1977) for western and central Australia. The latter estimation uses the
empirical relationship: El = 6.28 P2.17 where P = 2 year, 6 hour precipitation in cm
(Wischmeier and Smith 1978). Interpolation between point estimates has been made
using the contours of 2 year, 12 hour rainfall intensity maps in Pierrehumbert (1977).
The figure emphasizes the highly erosive summer rain in northern and eastern
Australia and the relatively low erosive winter rain in W.A., S.A. and western—
Victoria and —
N.S.W. The conditions experienced in the research centres that were visited in
N.S.W. are only comparable to the western edge of the agricultural area of
W.A.
The lower erosivity of W.A. rainfall was one reason why Marsh (1984) contended that
water erosion was of minor importance in the W.A. wheatbelt. Other evidence of low
erosion rates given by Marsh include the absence of soil accumulations in dams and
on fencelines, a low incidence of gully erosion, low runoff and soil loss
measurements using the rainfall simulator, the formation of a protective surface crust
on cultivated land during rainfall and the fact that soils seemed to be retaining their
productivity.
5.3 Runoff and soil loss plots
Runoff and soil loss plots have never been used in W.A. and it is unlikely that they
will be adopted in the near future, given the problems of extrapolating from the plot to
the paddock scale. As the USLE is unlikely to have widespread adoption in W.A., use
of the plots for estimating soil erodibilities is also probably not warranted. However
row crops on agricultural land in the SW of W.A. are similarly isolated as runoff and
soil loss plots. Measurement of soil loss from these areas may help determine the
relative erodibility of some W.A. soils. Work by McFarlane (1984) has highlighted the
importance of the sand and gravel fractions in explaining differences in soil loss.
Future work should also examine factors such as dispersibility, the depth of soil
horizons and the effect of iron and aluminum sesqui—oxides. Initial work at the
University of Western Australia (Westcott pers. Comm.) has implicated dispersed
Kaolin, collecting at the contact points of soil particles on drying, as a possible
mechanism for the formation of hard—setting soils in W.A. The hard setting nature of
soils, in addition to relatively low incidence of summer storms, may explain why
erosion during the summer appears to be a much rarer event in W.A. in comparison
with N.S.W.
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5.4 Infiltration of constant intensity rainfall
The only work in W.A., similar to that carried out at Cowra using a rainfall simulator to
study infiltration, is that carried out by Hamblin when examining the hydraulic
properties of conventional—, minimum— and no—till plots. The most useful
application of the Cowra work for W.A. appears to be the determination of soil water
properties (i.e. D (Θ), Ψ (Θ) and K (Θ) as outlined by White et al. (1983)). There is a
paucity of such data for W.A. soils and the information is required in salinity,
waterlogging and plant water use studies in addition to water erosion investigations.
5.5. Conservation tillage research
The study of the effect of conservation tillage on runoff and soil loss has received
less attention in W.A. than in N.S.W. as minimum tillage has probably been accepted
by farmers for reasons other than those of water erosion. The most important soil
conservation features of conservation tillage in W.A. appear to be those of soil
structure and wind erosion. Laing (pers. comm.) has also expressed tears that runoff
into farm dams will decrease under minimum tillage practices.
Marsh has used a recycling rainfall simulator to determine the relative effects of
different cultural treatments on overland flow and soil loss (Table 2). Given the
limitations in the method, these estimates can only be used as guides. Using natural
rainfall infiltrometers, Bligh (1984) has found that minimum — and no-till treatments
can result in substantially decreased plot runoff (two to three times and up to five) in
comparison to conventionally tilled areas, reflecting inherent differences in soil
infiltrabilities. As cultivation furrows are sometimes artificially broken (destroying
surface storage characteristics) and field—scale phenomena (e.g. nil formation,
increasing depths of flow) excluded, from the infiltrometers, it is not possible to know
how these changes in plot runoff translate to changes in catchment runoff and soil
loss, apart from indicating the direction of any change. Some idea of these changes
will be gained once the treatments on gauged catchments are changed to reflect
modern farming practices. However, as mentioned previously, there are problems in
using single catchment studies for a before—and—after treatment comparison,
particularly if long term changes are occurring on the catchment (e.g. Lang 1984) and
if runoff events are very rare.
Probably the best technique for studying the effect of conservation tillage on runoff
and soil loss is the contour bay methods as used at Gunnedah and in Queensland
(Freebairn 1983). Given the expense of this method and the probable low importance
attached by farmers to water erosion benefits in the adoption of conservation tillage
techniques, it is unlikely industry funding would be available for such a project, unless
other benefits (e.g. increased knowledge of runoff/soil loss principles, effects on
water conservation) could be identified. There is scope however for increased use of
the rainfall simulator in studying the effect of stubble on runoff and soil loss and also
in expanding the data shown in Table 2 to take account of different soils and different
times of the year.
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Table 2. Effects of cultural treatments on overland flow and soil loss
(Source: DRM Annual Report 1982)
Treatment Change in Overland
Flow
Change in Soil Loss
1. Cropping Frequency — Conventional Cultivation
(relative to 1 crop in every 3 years)
1 crop in every 2 years
2 crops in every 3 years
63% increase
48% increase
96% increase
15% increase
2. Cropping Frequency - Direct Drilling 
(relative to 1 crop in every 2 years)
2 crops in every 3 years
continuous cropping
17% increase
76% increase
31% increase*
56% increase*
3. Direct Drilling
(relative to conventional cultivation)
12% decrease 44% decrease
4. Use of Harrows behind Combine
Contour working 
Up and down hill working
57% increase
No change
33% increase
Decreased
5. Contour Working
(relative to up and down hill working on a 2% slope) 9% decrease 28% decrease
* Effect of extra stubble residue
5.6 Soil loss — productivity relationship
Examination of the effect of soil loss on crop productivity in W.A. has been carried out
by Marsh (1982a). The main difference with the N.S.W. experiments is the method of
removal of the soil. By using a sweeper, Marsh was able to remove realistically small
depths (i.e. 1 to 8 mm) of topsoil, thereby simulating sheet erosion. To achieve
similar depths by removing soil with a mechanical bucket, strips of soil were removed
before cultivation in N.S.W., more realistic of covered—over rill erosion. Stocking
(1984) has noted that most methods which artificially remove soil, underestimate the
effect of erosion due to the selective removal of the more fertile factions during
erosion events.
Marsh found that the removal of 8 mm from an uncultivated soil resulted in a
subsequent yield depression of 12 to 25 per cent while the depression on cultivated
soils was only 5 to 16 per cent. The difference in response could be attributed to the
different distribution of nitrogen in the two profiles, nitrogen being most concentrated
in the top few mm’s in uncultivated soils. The results of the work have important
implications for both wind and water erosion, although it was thought by Marsh that
only wind has the potential for large soil losses in W.A. It was hoped by Marsh (pers.
comm.) that the swept plot work could be extended to cover differences between
seasons, more soil types, repeated soil loss and rehabilitation using fertilizers and
minor elements. As supply of detached material was considered important in sheet
erosion processes, the rate of soil detachment by sheep has also been estimated for
different soils by Marsh (l982b).
While the methods of soil loss or removal in all the trials are different, it is of interest
to compare the measured yield declines as a function of depth of soil removed (Table
3). Superficially it appears W.A. soils experience a greater decline in yield for the
same soil loss. This conclusion may result from all the soil being removed from the
upper layers in the swept plot trials rather than as strips as occurred in the depth of
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topsoil removal trial. Marsh detected a decrease in the rate of yield decline with
increasing soil loss which may result in similar yield declines for W.A. and N.S.W.
soils for large soil losses. Of particular significance is the apparent lack of recovery of
yields with time once significant soil disruption has occurred. Yield depressions were
still evident 27 years later where subsoil has been incorporated into topsoil in gully—
fill situations (Marsh l983b).
In comparing the methods used to study the soil loss—productivity relationship it is
felt the ability to remove realistic depths of topsoil (i.e. 1, 2 mm) is a distinct
advantage of the swept plot experiments.
Table 3. Soil loss — yield decline data from N.S.W. and W.A. trials
Trial Total soil loss (mm) Yield decline
Sheet erosion — 75mm 6—10% (uniform soils)
Hamilton (1970) 30—45% (gradational and
duplex soils)
150mm 20% (uniform soils) to
> 50 % (gradational
and duplex soils).
Runoff and soil loss 73 nun (2.4 mm/yr for 17%
plot trial 30 yrs — Wagga)
(Aveyard 1983)
184 mm (7 mm/yr for 26 yrs -
Gunnedah)
28%
Depth of topsoil removal 10mm 4% Inverell
trial (Aveyard 1983) 7% Gunnedah
16% Cowra
7% Wagga
20mm + 1% Inverell
5% Gunnedah
30 mm 10% Inverell
2% Gunnedah
Swept plot trials 4 mm 10—20% (uncultivated)
(Marsh 1982b) 3—10% (cultivated)
8 mm 12—25% (uncultivated)
5—16% (cultivated)
One problem considered important by the N.S.W. workers on the soil loss—
productivity relationship was the interaction of different factors in determining the
effects on yield. Figure 4 is an attempt to show some of the interactions considered to
be important. The figure shows that many of the factors show a positive feedback on
each other, leading to increased rates of erosion. In W.A. it appears the loss of
nutrients (especially nitrogen) is the most important factor in decreased productivity.
Stocking (1984) considered decreased water capacity and rooting depths are more
critical in tropical soils. In some of the horticultural soils in the S.W. of W.A., sheet
laterite or basement rock occur within 30 cm of the soil surface. Continued erosion of
these soils at rates of up to five cm each cropping (McFarlane 1984) would
significantly affect rooting depth. This situation is atypical of water erosion in W.A. in
general although thin topsoils overlying physically and/or chemically — infertile subsoils
are a common occurrence and soil loss tolerance values in W.A. may need to be low
to take account of this fact.
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5.7 Other
Apart from surveys of soil conservation needs (1958—59 and 1960 — Marsh 1971)
there have been no detailed surveys of the extent of soil erosion in the W.A.
wheatbelt. Until recently there have been almost no measurements made of actual
(rather than relative) soil loss. Consequently it is difficult to verify impressions (Marsh
1984) that the water erosion problem is less now in W.A. when compared with 30
years ago and also that it is substantially less than in N.S.W. While the potential for
erosion has increased in W.A. as a result of increased cropping frequencies, it may
be assumed that the adoption of minimum tillage and other conservation techniques
(e.g. contour working, conservation structures, farm plans) will have had an opposite
effect.
Another impression from some N.S.W. workers is that the amount of erosion is really
a reflection of rainfall amounts and distribution rather than of conservation
techniques. In the Eastern States, an increased annual rainfall since the 1940s and
1950s is thought to be responsible for increased landscape stability and decreased
sedimentation in reservoirs during the past 40 years. Land use is considered to have
a less important impact on sedimentation rates (Wasson and Galloway 1984). A
rainfall change in W.A. may have occurred towards a drier phase over the same
period.
Some measurements of actual soil loss are now being made using rising stage
sampling bottles on gauged catchments and on reverse interceptor drains. In
addition, some Public Works Department catchments are equipped with pumped
sediment samplers from which annual soil losses are computed (e.g. Abawi and
Stokes 1982). Samples have been collected from soils near Narrogin for analysing
Cs—137 values which will provide data on soil loss since 1954 (Loughran pers.
comm). All these measurements will help test the hypothesis by Marsh that water
erosion is relatively unimportant in W.A. To collect adequate data it is felt an
increased use should be made of pumped sediment samplers, particularly given the
poor relationship between water stage and sediment load.
For the extension of research results to other areas, it is felt that all measurements of
water erosion (and waterlogging and salinisation) should be closely related to the
landform in which it occurs. Negus (1973) has tried to relate specific problems to the
CSIRO system of landform classification and it is thought this method could be
extended to include quantitative information.
6. Conclusions and Recommendations
6.1 Conclusions
The most commonly known role of a soil conservation service is the design, and
sometimes construction, of soil conservation structures. However practices which
affect large areas (i.e. tillage and grazing) are probably more significant in affecting
soil loss from agricultural areas than the more noticeable structures. Negus (1984)
has noted that farmers that adopted a conservation package (i.e. farm plan, minimum
tillage and conservation structures) were able to withstand wetter than average
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winters such as that of 1983 with much less soil damage than farmers who did not
adopt such practices.
The design criteria for soil conservation structures in W.A. (Carder and Spencer
1970) resulted from a trial and error procedure whereby the performance of
structures were checked in the field. At the same time, a group of people formed who
were skilled in soil conservation. The assessment of particular sites involved a large
degree of subjectivity based upon this experience. As a number of these skilled
people are due to leave the service in the near future, and as new soil conservation
advisers are also expected to be general advisers, there is a desire that the design of
soil conservation structures be put on a more objective basis. However, there will
probably always be a degree of subjectivity in the design of the structures.
The data collected during the catchment monitoring programme will be invaluable in
producing more objective design criteria. One way this information could be used is
the direct use of runoff volumes and rates from nearby monitored catchments. This
method has the advantage in that real data are used for design purposes. However
restrictions on the selection of the monitored catchments (e.g. well defined outlet,
within a single paddock, absence of saline or waterlogged areas) may result in them
not being representative of some areas (e.g. large, flat catchments). A more flexible
method would be to relate the runoff parameters for the monitored catchments to
catchment characteristics so that the design structures could be more precise.
Whether the rational equation or curve numbers technique (or something else) would
be best for design would need to be tested in areas where optimal designs have
already been achieved by trial and error. The Smith and Hebbert (1983) computer
model of hillslope hydrology, to be used for designing interceptor drains, may have
application in interpreting the runoff characteristics of the monitored catchment and in
arriving at design criteria.
The catchment monitoring programme has also collected a large amount of data on
rainfall intensities which could be used to determine the seasonal distribution of
rainfall erosivities for different parts of the State using the Coshocton program. While
it is unlikely that a knowledge of seasonal erosivities would significantly affect
wheatbelt farming practices, it would aid the interpretation of occasional highly
erosive events such as occur in the NE and E wheatbelt. A knowledge of seasonal
distribution of rainfall erosivity would have application in the horticultural areas of the
State as there are always areas with detached soil subject to erosive rainfalls, and
changes in rotations and practices are possible.
Study of soil erosion in the horticultural areas, while not a high priority given the small
area involved, has the following advantages:
(i) Soil loss is large and centred on fertile soils
(ii) Given (i) above, the measurement of loss is usually much easier
(iii) Soil loss can be related to topographic and soil features providing useful
information on the importance of factors such as slope, slope length and soil
erodibilities
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(iv) Soil loss—productivity experiments can be carried out with the removal of
realistic amounts of soil being possible
(v) The horticultural areas are possibly the only areas in the SW of W.A. where
water erosion is significant enough to affect farmers incomes in the short term and
therefore adoption of conservation practices is more feasible.
Two areas where cooperative work between wind— and water—erosion workers
would be advantageous are the effects of stubble retention on sheet erosion and the
effects of sheet erosion on crop productivity. Joint submissions in these areas would
have a greater chance of attracting funding.
If a series of contour bay catchments were set up to study the effect of conservation
tillage techniques on runoff and soil loss, it would be advantageous if other
information could also be gained from the trial to increase the chances of funding.
The study of the effects of conservation tillage on soil structure and water use
characteristics that have been carried out by Plant Research Division for seven years
have yielded a wealth of information. It is expected that a contour bay experiment
would also yield a significant amount of information over a similar period, if the trials
in Queensland are any guide.
The fundamental question still to be answered in water erosion in W.A. is the
importance of the process in affecting short and long term yields. It is probable that
contour and grade structures will remain the best method of preventing rilling on
sloping ground, despite the likely decrease in runoff following the adoption of
conservation tillage techniques. It is likely that future contour structures will have a
dual conservation/drainage function in areas prone to waterlogging. In areas where
level banks are used (i.e. below mallet hills, < 350 mm rainfall areas), some method
of emptying the banks between storms may be required if it is found that the banks
significantly increase recharge to a deep saline aquifer or result in waterlogging of
areas adjacent to the banks.
Work on water erosion lags behind similar work in N.S.W., probably as a result of a
different emphasis and the consequent lower commitment to water erosion research
in W.A., but also probably due to the lack of work being carried out by other
institutions (i.e. CSIRO, tertiary institutions). This situation may be partially changed
by funds from the National Soil Conservation Programme.
6.2 Recommendations it is recommended that:
i) quantitative methods for the design of soil conservation structures be evaluated
once the information gathered by the catchment monitoring programme is fully
analysed
ii)the importance of water erosion in affecting short and long term productivity be
assessed by collecting data on actual soil loss under different climatic and treatment
conditions and comparison of the losses with information already available on soil
loss and productivity
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iii) cooperative work be carried out between wind— and water—erosion workers
on the effect of stubble on sheet erosion and the nature of the soil loss—productivity
relationship
iv) the amount of soil loss in horticultural areas be measured and related to
topographic, soil and management practices. The effect of this soil loss on
productivity should be estimated by trials on the Manjimup Research Centre
v) the fate of the water diverted by level banks be fully evaluated in different parts
of the agricultural areas to clarify inadvertent effects on salinisation
vi) the use of the rainfall simulator in providing accurate and rapid measurements
of soil hydraulic functions be fully investigated
vii) use of the Smith—Hebbert computer model be evaluated for the design of
interceptor drains and contour banks
viii) water erosion, waterlogging and salinisation be closely related to the landform
in which they occur to aid extension of research results and aid land capability
evaluations.
ix) contour bays be established to investigate the effect of conservation tillage
practices on runoff, soil loss and productivity.
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Appendix
Tour Itinerary
(N.B. Air fares to N.S.W. were paid externally to allow the author to attend a
conference on Groundwater and Man in Sydney between December 5th and 9th.)
Monday, 28th November
Morning: Head Office of NSW SCS, 22 Pitt Street, Sydney. Talks with Rodney
Roberts, Peter Charman, Keith Edwards, Keith Emery and Ian Hannam.
Afternoon: Fly to Scone. 
Tuesday, 29th November
Scone: Talks with John Dyson and Des Lang. Visit to Isis River project.
Wednesday, 30th November
Morning: Scone.
Afternoon: Travel to Gunnedah.
Thursday, 1st December
Gunnedah: Talks with Cohn Rosewell, Geoff Marschke and David Thompson.
Friday, 2nd December
Morning: Gunnedah.
Afternoon: Travel to Tamworth and fly to Sydney.
Monday, 12th December
Fly to Cowra. Talks with Greg Hamilton, Ian Packer and Barry Craze. 
Tuesday, 13th December
Cowra.
Wednesday, 14th December
Travel to Wagga Wagga. Talks with John Aveyard and Ken Ryan. 
Thursday, 14th December
Wagga Wagga. Visit to Coolinroobie catchment.
Friday, 15th December
Morning: Wagga Wagga
Afternoon: Fly to Sydney.
